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Control of Dioxins Emission from Stoker type Incinerator
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Yo Osada, Satoshi Fujii,
Minoru Suzuki, Takehiko Aoki
and Takashi Yokoyama

NKK’s Two-Way Flue Gas Combustion System for a
stoker type MSW incinerator can easily create low N
Ox and complete combustion on account of structur-
ally high performance of combustion gas mixing.
Moreover, with the help of an automatic combustion
control system (NKK hybrid ACC), a significant re-
duction of dioxins emission less than lng-TEQNm®
before a dust collector can be attained. From a view
point of high temperature and stable combusting, ex-
perimental results on the effect of dioxins emissions
on CO concentrations, temperatures at secondary
combustion zone and water injecting conditions for
cooling the combustion chamber have been described.
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® ®
® Hopper ® Fixed grate Radiant heat exchange tubes
® Bridge removing equipment Moving grate @ Superheater
® Hopper gate @ Ash discharge port Contact heat exchange tubes
® Chute @ Access manhole (horizontal evaporation tubes)
® Cooling-air ® Furnace Economizer
® Hydraulic drive system for refuse feeder {Combustion chamber) Boiler bypass
@ Hydraulic drive system for moving grates Intermediate ceifing @ Boiler drum
Refuse feeder @® Gas mixing chamber

Fig.1 NKK hyper grate system
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Fig. 2 Predicted velocity vector profile
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Fig.4 CO peak time ratio of over 30ppm during di-
oxins sampling time vs. concentration of di-
oxins at boiler outlet
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Fig. 7 Injection rate of cooling water vs. concentra-
tion of dioxins at baghouse inlet
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MENRIFICE 3BT M1 F + 2 v FE RS

Influence of Calcium Compound Fed to Furnace on
Emissions from Fluidized Bed Incinerator

ElE BE NEwKvr s - BEY 27 ARE EEFRA
Bz B ETRe Y s — MY 2T AHRE EHIHEER
WH B NEFRe s — v R AFEE TEREA
B B w5 v M REE BRE ZE

8Kk Ek muEvso R BRE HER507

Ny F R — VRO HEENIR R BE KBRS E & H W
THEERBRAEFEEL, GIKADHFAMKOEREICD
WTRRET AT - 1o Z DR, AKAZFNICHLE
T3 LT, FRR HCIRUEMSECZ D, F14 4+
YHE ORI L TP ORI ORI EEE I B

FAMERR I > LTRIFSERMSE o, U E
DFRERICH>WT, EFEHWLELERET- 12 &
A, HCLF A4 £ & v VEEowF i LT,
vF R = VEREFEROBERSA ST,

Toshihiko |wasaki, Takashi Noto,
Satoshi Matsui, Takashi Yokoyama
and Yasuo Suzuki

The combustion experiments of plastic pellet with cal-
cium compound were carried out by using a bench
scale fluidized bed combustor to investigate the effect
of calcium as a inhibitor on PCDDs and PCDFs for-
mation. The emissions level of PCDDs and PCDFs
were measured at three points after the furnace out-
let. As a result, the concentration of PCDDs and
PCDFs were reduced by feeding calcium compound.
Therefore, calcium compound plays an important role
in an inhibiting effect on a formation of PCDDs and
PCDFs from municipal solid wastes incineration
plant.

1. #&

FERMIBEE R S OBk 2Bt ig, HCL © 54 4+ F v
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HEBWTHIHEITADOFED— & LT, ToBEL
DELLBBERESBETONTWS, LrLAENS, §A
FILBT 24544+ 8, BENFRO» SEERICL
12 ABRETOFEARKICIDEMT 2 LB8HoNTED,
S 513 BER D 729 IC IFEHIFRIC B 1 AR RMBECNA,
FHOLZIC BT 2BARENE T2 EMNEREITL-T
{ B0,

—74, Fﬁ%t%mmigﬁm%ﬁ%@ﬁ < §V¥a] =228
TEMS, —RIBDNMC SRR THPEEEEYEED
PR o L TEES LT, BT
BREL(RDF) OBEAOEIGHEIF s TV 3,

AR TRH, &y%x&-WEﬁmﬁﬁﬁﬁW%iﬁﬁ
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L, HicEERIc B0 2MHR > WTREFRARSE
SNEDOTLUFEMET b, T, P TREKRNT A4
WA OEF AW EFEBROERIC>WT b RET 5,

il

2. RUFRT—IVRBER
2.1 EREEEIUGE
Fig. 1 LBEER THOW NV F 27 — VEEOFREIR
RREEREEE OB E AR T, WEKEIIAZELI0Mm, &
X 850mm D K & 12 - TV 5, FHEIREO LA,
AR200mm, 5 &5300mmD 7 J — £ — FEBFJ T SN T
H, ABR -7 X-> TEEREIIEEL S > TV A,
WENE A & U CIRTERR0.53mm R 2 (EH L f2, 4
HEHELTREAY 25 L v (PE), RUE{LE=1(PVC)
DRV oy rEFERL, AKOOFREREZERT 0L
LT, CaCOs 2&F LB ZF L vyDRLy F(PE(Ca))

[Gas sampling point:A|

[Gas sampling potntB | —#Flue gas
GS

0:,CO

i
e

Gas washing tank

-

Sample

Primary air

Fig.1 Schematic diagram of FBC experimental
apparatus
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BRI LUIce TOXVy P ORREEFH3ImmTHD, 0
FNnostriEETable 1 12RT,
HER I EHo~LV Y FEEEICHYREEL, 7T 4 -
Pk -~ THE I EBH/IE 2T oo 7, Ly
F DIBEHIRPVC OEl&MH2wt¥ L35 L9icl, PE
(Ca)i3Ca,/Cl ENVHDFIEDRICKE AL IHEML 72,0
BBV Ah D 54 4+ v VHREORIE R, FHSR
BOREA=2DHF 7)Y IF Ly MIBWVWTIT- o,
Hr7Y) I RA v MEPFig. 1 DABC TRT, Z0N7E
NOERE X, ATH 800°C,BTH 280°C,CTH 110°C L% -
TWh, F 7 HCHERE I > W TR & & 3000mm &
7 =R = FFRBOTHEZTV, FRICB T 5 HHCL
BUBIZ D W T DRET 1T > T B, F i, EdRIL OB
E1T9 129, O, COBEE > W THREIRIC B 2 Mg HITE
BiT» 71,
AEBRICB T BEREHLZLUTICRT,
EEHO: B E: 8%
7Y —K— FEEE . 800~ 850°C
woE R B 790C

2.2 EBER

RYF Ry = VR AE T, A AP OCORE
Elppm PUITTH 0, BEREIEBD TRBEFTH -1, &
TNV UITRA Y MIBIT BRI F Y Y HOSTRER

Table 1 Properties of plastics

PE | PVC | PE(Ca)
Ash 0.02 0.06 17.03
Ca - - 11.10
Combustibles | 99.98 99.94 82.97
C 78.84 42.82 61.76
H 13.02 5.55 9.69
N 0.03 0.03 0.03
S 0.04 0.04 0.07
Cl 0.07 44.54 0.05
(dry%)

T4:Tetra—CDDs PS:Penta—CDDs H6:Hexa—CDDs

H7:Hepta-CDDs  08:0cta~CDDs

dily

point:C

Fig. 2 Concentration of PCDDs without CaCO;

RERFIC B B 51 A F v VERE LB

%Fig. 2 ~Fig. 5 10", Fig. 2 B X UFig. 4 12CaCO; %
A LIEWIESD 51 4+ v V3 (PCDDs / PCDFs )
D%, Fig. 3 %&£ UFig. 5 13CaC0y %#Ca/Cl vtk
DMLERBESIHB L KIBEDFNFNDEEERLT
W3, WENDIBETH 54 4+ v YEHIFHOLBO A
POBIWRAEETENLTEY, COBEY - viITB
WTHFA L+ VEOFHAERPEI >-TWEEELONS,
L LSS, CaCOs 2FRIHB LILBEGR I 4+
v UHHOBEARKRALSNE DD, ZDHEEIXCACO; &

T4:Tetra-CDDs PS5:Penta-CDDs H6:Hexa-CDDs

H7:Hepta-CDDs  08:Octa~CDDs

Sclin oT. &30
=45 ] 45
Q40 189 S40)-
<) —
B35 o8 535
30| e 30
L P P— Es
::%(5) """""" r:i'(s)
17200 5% RR w3
g (1) EREEII RO Rp P Q 10 .
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Fig.3 Concentration of PCDDs with CaCOs

T4:Tetra-CDFs PS:Penta-CDFs H6:Hexa~CDFs

H7:Hepta-CDFs  08:0Octa-CDFs

77
-|ei
{008

point:A

Fig.4 Concentration of PCDFs without CaCO:s

P5:Penta~CDFs
08:0cta-CDFs

T4:Tetra—-CDFs H6:Hexa-CDFs

H7:Hepta-CDFs

2500
Q450
Q400

Fig.5 Concentration of PCDFs with CaCOs
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HES LS WIS IcH~TPCDDs , PCDFs & diciEd L
TED, CaCO; HHIc LB 51 4 % ¥ vEHERICHT 3
MHEEIESED Shtz, i, SREBOLNIITA A+ v
HoMrE+*SHSEMER (-TEQ 2HVTEbT &
Table 2 O L5y, Ca/Cl ENEENSEEE T &
2 & 0 BHEMERSERT 5 2 LPERS N,

AR OEERTIZCaCO; OIEEE 7 ) — K= FEic B
i 2HCl BEOBFRICOVWTHEEZIT>-TWADT, %
DOFERATFig. 6 1IS/” 7, CaCOs 24 L7 W& OHCI
BEEF200ppmic it L, Ca/Cl €W H=27TE#130ppm,
Ca,/Cl ®NH=4T1EH100ppm & 7E - TE Y, Ca Cl
LA BINEESIC Lz -T, HCl BERELT 2
R As SNz, CORERMSRENBHCT BRERE,
—fD THABENC BT B X N — AFEANDFRIKBKRK XA S
REREST - fo 4R 5 DFERY LRI O 2R L TV 5,

PlEo~vF 24— VERICED, HEHFRNIZCaCOs

Table 2 Effect of CaCO: on PCDDs/PCDFs

Ca/Cl mol ratio| point:A | point:B | point:C
0 1.89 2597 | 12.13
2 0.19 11.02 5.44
4 0.05 2.48 2.64
(ng-TEQ/Nm?)

Free board temp.:107371123K
Bed temp.:1063K

’ON\ O2zin Flue :8.3%
X 2004
g
&
g
& 100
@)
fun

0 1 i

0 2 4

Ca/Cl mol ratio

Fig. 6 Reéationship between Ca, Cl mole ratio and
HCl1
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AT 5 & T, FRBHCI KIEMSED 5h, HCl B
ERIIH>VTREREFBFOMANE N, 1, 741
A& VB REERICBVTELERLTE Y, B
RITHIE E N7 CaCOs PFHULIBICRET 2 2 Lok
B, 44+ y YV ROERMEITIEOAREEE R WL

- 3)
- 0

3. EFRICBITRELER

Ny F R VEBEOERICE - TE W BRIV
T, EFEAHVEETERZT -7, HHLUZRIKR T
HHERIF DR HHEE £ Table 3 12, K7 u—%Fig.7 i
R

AR OEFFERTIIWEES 1 v 2FH L TRNICAK
GO EITY, HEFRPOHCl BL US4 4+ v H
OREEZAEL, AKAZHBLEVWESE OLEETT-
Too AIRGOHBEIR TN TC,Cl=4 & L7z, HCI
BERFEOTRINRT, 7740y —HOBWT
REREMEEHOTRIEL TWa, £k, F1tFv Y
Fic oL TFHO, ZEZXRFERSEHO, X740 05—A
OB XCHOD 4 »Fric BV CEBREZT - 720 AER
4 v +%Fig. TiCRT,

KAFEBRIC B BHE48 R EFEE A Table 4 & Table 5
R, FHOBXU N7 4 07 —HOICE T 52HC
BERRYF Ry - VERTOEREFERIC, AKADLEF
A X D BD T 2O A 51 %, No.l&No.dDH
BDNTT 4y —HITICB Y 2HCL BEOEESTO
R ZTFig. 8 IT/RT,

74 A&y VHOBHEMBER R, AKADFREIGE
BicHEY RJIEETT - 72 Table 5 ®ONo.3ic>WTE, #t

Table 3 Specification of fluidized bed incineration
plant

Fluidized bed incinerator
30t/16h ,2 units

Quenching by water spray
Dry Ca(OH).+Bag filter

Furnace
Capacity
Flue gas cooling

Flue gas treatment

Lime
i Ouenti Stack
Furnace Gas cooler i ' uenting i
Air preheater chamber Bag filter
Sand circulation
Noncombustibles

Fig.7 Schematic diagram of fluidized bed incineration plant
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BETHBVIES EERRE &5 - TV B, AKAHREE,
Fo B AERE L 7z No AR A, FHOLIED W
THOBHICBLTLE VLD ENL > TWB, Nolk
NodlicDWTDF A 4+ v VEHORIKEES %, Fig. 9~
Fig. 1212783, TN oORH» 5 b LIKADFERBAIC XD
FAFFY HEBERERL TV ESbh 3, Lo
HEE Ny F 2 - VRBROHRE—H L TBY, ol

Table 4 Measured result of flue gas

WEIRFICB1T 3 51 4+ v VEERA LB

Em SFERICE s e QIO FE ORI Ic R L,
BRI BT YA 4+ VEOERENIHT 5 C &R
ANt 7, TOEEDONT T 4oy —HOWRBIT RS
4 FF v OB EMBEE, 1990FCEFEHICLDE
EEANT, THUBICESE 1 4%y JHHRERIEREA
AF54 Y (A4 F54 ) ORHERETS 50.5ng-TEQ
SNmM? ZFEBHER &1 - 7

HCl (ppm)  (CO(ppm)
No. |Ca/Cl Fur.out | B.F.out | B.F.out
1 0 340 60.1 26.6 T4:Tetra-CDDs  PS:Penta-CDDs  Hé6:Hexa-CDDs
2 0 270 56.2 21.4 H7:Hepta—-CDDs  08:0cta-CDDs
3 4 230 37.1 11.9 —_ —
8 S
4 4 230 24.9 22.8 R 45 R
40 N 40
® e =
Table 5 Effect of CaCO; on PCDDs/PCDFs ?525 Bos
ez ;
- 215 =15
No. {Ca/Cl| Fur.out | A.P.out | B.F.in | B.F.out & 10/ 210l
1] 0| s61 | 587 | 671 | 122 8s 8
2 [ 0] 187 | 653 | 529 | 1.03 =0 ! : 0 :
3 2 1.06 6.68 6.06 119 outlet Furnace inlet Bag Filter outlet Bag Filter
4 | 4 [ 08 [ 296 [ 270 | 044 ) )
Fig.10 Concentration of PCDDs with CaCO;
(ng-TEQ/Nm3)
300 T4:Tetra-CDFs PS:Penta—CDF's H6:Hexa-CDFs
250 | No.1 Ca/Cl=0 H7:Hepta~CDFs  08:0cta~CDFs
------ No.4 Ca/Cl=4 250
g 200 } Q25| %‘? )
& 200 r
150 | = 175] 008
O | 50
100 | E125 |-
) j\f - ' %1100 S
50 . / W 75|
. ‘- Mo ..'J.f&/hfjk(" 1’%. 50|
R S 25]-
0 L EIN 0 %
=) =) =) =) . R .
& o = o outlet Furnace inlet Bag Filter outlet Bag Filter

Fig.8 HCI concentration at bag filter outlet

Fig.11 Concentration of PCDFs without CaCO;
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T4:Tetra~CDDs PS5:Penta-CDDs  H6:Hexa-CDDs T4:Tetra—CDFs PS:Penta-CDFs
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50 =50 2250
g I Bre 345 -------------- o S
'(:"40 ..... 48 9 240 ...... 9 2001
5] Q08 =35 175 |-
gRpE o i
%25 ..... “'1 - %25 . E
N
20| ol ¢z Soo -
Sl Nl 15| £ 4c...
w15 §; o 15 g 75
210 N 8101 50
8s N 8 sV S 25
£ o BN & g 7 %% 1 -9 &
outlet Furnace inlet Bag Filter outlet Bag Filter outlet Furnace inlet Bag Filter outlet Bag Filter

Fig.9 Concentration of PCDDs without CaCO; Fig.12 Concentration of PCDFs with CaCOs
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NKK’s Dioxin Removal Techniques

ER B OETHRE s — Y X7 ABIRE KERRE TE
RO = IEERes s - MY R AFIRE

BEN 5 omHv o v PRENE BRZ

LM B mv o r @IS WRE ER

CHEHIPEA X oD A A F v HHPEHIERE I
WTRI9TEL A, BEBOH A F o4 YPEES
NFHEF 13T ~XT0.1ng-TEQ /Nm?® DI M icsifb &
Nto BHTRIOEEEL 7 Y 7T 2HEE LT
NTOEETZEBELFESE L ET, ~XF 740
5 OIEEAL, BREERK ZAS, THHERRAETE
B, BRI & BRI oAl A A bET
G LT 5, AT REED R ALBRE & rhiic X
Ho 514 &+ v VHREEREENT 5,

Yo Osada, Keizo Hamaguchi,
Susumu Ayukawa and Takashi Yokoyama

Regulations of dioxin emissions from MSW incinera-
tor flue-gas had been tightened up as below 0.lng-
TEQ,/Nm?® for all newly constructed incinerators by
the guidelines of the Japanese Ministry of Health and
Welfare in January 1997. NKK follows the new regu-
lations by integrated techniques of low temperature
bag filter, powdery activated carbon injection into
the bag filter, moving bed adsorbing tower packed
with activated carbon, and decomposition by de- N
Ox catalyst under stable and complete combustion.
This paper reviews the application and performance
of these dioxin removal techniques.
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Fig. 1 BF temperature vs. removal efficiency of diox-
ins

100

80 .
70 *
60 F 0'.

50 + ¢

40 F
30

Removal efficiency %

10 +

0 ; ) . N . )

20 60 100 140 180
Pressure drop at BF inlet/outlet mmH,0

Fig. 2 Pressure drop at inlet outlet of BF wvs. re-
moval efficiency of dioxins
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Fig. 3 Concentration of total organic carbon in fly
ash vs. removal efficiency of dioxins between
BF
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Automatic Combustion Control System for Fluidized Bed Incinerator
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Minoru Tanabe and Hajime Akiyama

NKK has been considering to use heat energy from in-
cineration plant and to decrease environmental pollu-
tion, and has been developing combustion control
system for fluidized bed incineration plant which per-
forms them by steady combustion. Three of this com-
bustion control system are now in practical use and
perform good task. This system is effective to control
fluidized bed incineration plant.

1. T C®HIC

CHBEEMRIC IR R = AHE, FU VR, REIRFL LS
BB, WEIFRF R A %13 U & LTRIEREERY,
EiR, 75AF v 7 REDBBRCH L TT S nickiERE
T2, BESHATHRASEATYS, BHTHIh
5o = —RITXE L CHEIR CABEF AR LD EE %
FFTETHA,

RER A EHFOBHO—> & L THREERE S HEW T
EWBBFONE, IOk, KE) - EIENEETH L NE,
PRBEEIT 2 INEE S b DIT LTV B,

5L T3 THBEABORTFRIRAER L 72D, K45« 5—
EvRRERHEARERMEET A7 v BNl TY
3, TOXIUT5 Y TRBECEEILBEROLEM
B, RBEOREICSUNBEAVRERTS 3,

5T, BEOBRBEME~NOHLOEZ 5, KEY
MEOEANEPEELHEE S > TETWE, TAHEH
FOHEA 2B 2EENE L LT, NOx, CO, 74
FFVRENBFTONEY, INSOREERO oI
REERBEEDL S B, Lichi-T, DNERIFOEED»S b,
DR ELIEER D TH 3,

PlED & 5 s BBt b D BEMD S, BH TRTEIR
CHBEMFF OBBESIE > 2 57 5 DBIREIT> T& s T
DOy RAF LFI996FICERbE N, B, 2THI VAT
LADBBEL TV, TITE, TOBREERIMRY X7 A1

WTHET D,

2. MENRC AR

Fig. 1 3R CABENF2Rd, TAHE Y Fh57 L—
VICE DRI NTEL TH IR CABIC X 0 BEEIFRIC
BASNE, BAShEIAR—REKICLDEBLaN
7o KI600°C DD & Bk L id, BoriR, —IMEET 5, B
M X DR U RYE A R IE TRES i L T AR
BREEL, —7, BORLAED OBES BB obTRA
ICBREES B, BEAECHAEE L 2oBEN X REEINTRE, BEA
R TREARETEE» SHR I b, T/, NRYED

Shaked

Refuse crane Fluidized
Bed

Refuse
feeder
Secondary
air fan
Siudg

Waste Oil — P
Waste Liquid

Reactor Bag filter

Forced
draft fan . Sand_
circulation
Incombustible — _ BCovAiees conveyer

discharge conveyer

Vibrating screen

Incombustible Conveyer

Fig, 1 Fluidized bed incineration plant



NKKEHR No159 (1997. 9)

EEBITFRMSHE SN, BRASRBEUBFERNICRE
I b,

TR CABEFIR R b —H (KB FEi~T,
B EZIEBBETH D, BRIEBEENERD THY, HREE
DIERBMBOLDOLOHETIRF v 7 BEDERABD b
DETIRESCENTE 3, BWEOEEEZH-T W5, L
LIshi s, ZOMBEEEMNEWHIT, 2 b —HiIcHkX
TREESIFIDEHE LW, &2, TAHREFONE LERN
WWHHET 2 C ERE L Wiy, i CAHEB—FRICKEII
BAShIEEAI, BESEBICEL <Y, SNFENE
HOEFP BRI RTE 2RI L 2CODFA % <,
TORBEIBELI A MBBEFRICERA SR TL o BWT
SRELTLES ), 74— Ny 2tk 26 ORET
H b,

3. RABERIE S X7 A
3.1 REROBBERIE

ek, Ut oEBIR A BRI O BRI I3 Fig. 21
AT EBWPIDavybo—5&, vy—4yuvyirFEELE
WMBEZ$E » 2 7 &5 (Combustion Support System; LLF,
CSS&EMEEET 2) Ik »TiThbh T, PIDZ v b o —
T CABHE, TIRZESER S RENCEMEIEL T
BY, HEKBHEBEETTY L@V, —REEYEEA
FOESRBLABRII—2 T TH B8, BEEEBEEYEL
FoB&icE, ERCH, HR, BER BEME SRR
BAELIFIEFNLDLPENT ILENH DL, THH5DT
A, FNTNOHB LA, SEPRICEZI N B0,
BUABMPENANEEL TRIBCAKBOREEITHI
TR S0,

—H, CSSIRBHILITHDBARARIZEZ 2 28T
LA SHEA 2R OEALEE T B c0ic, THDOBARE
ABREENBEIC IRESOREENT 5, —IRES
OBRAZEFET S, BUAMEELT 2, BHFENENET
35, BULAKTD S VA LA EDY — 4 v Z1E
175, 03N HEOBREDERS &5 HREIR T ABEL
FOEEMEABA L LoD T, BEHEIc T+ /¥~
b YR FAEHBEAERD AN OTH D, TDCSSIE

Refuse Feeder

LED Sensor
Combustion Support
PID Controller System
Incinerator
| Air Supply ControlJ—» let{ Air Supply Control
I Refuse Feeder Control }—» | «a-|| Refuse Feeder Control
[P Gonrr_ o "

Fig. 2 Combustion support system

TRENER & ABEENF OMRBERI & X 7 &

HEBMEBEORBICE L 6D TH 24, BHEOMBELIT-
TVWAEAHOBREREBONBZ T 2H5R3DE Vv, o
7osh, WROHEMATRUFOL > BREAKEENTY
720

(1) THOBBEHVPKEVIEY, CHBRABDOHEO A
TIRIEREE L T I BB T E D0,

@) THRE->THRUAREE z—FEILR->GATHE
BUSHSKECEL 0 (DOMEE S SIKIERT 2
BEDH 5,

IS DRBEA IR B 7obicid, BREEREEE MIREICIE
BL, #IMERELZITS L AZHRTINENS - 1,
3.2 Ty aFE

ASEBEFE Lo BB X F o cREIMARE LT T >
UAHIHD Y 2R L, IR T7 Y4 EfS
(D HEL — VB ERENICTERTE 31X PET 20
IR O A BEEVAICBE S A5, AL - s O vy
BEMCRHTE, R AT 2,

(2) WERT5 v MhbEi DML ITENITA 5,
(3) FIEZEDEN « ZHICFRICHIETE 5,

BREDREND Y, THEROEEBDODKENTS v MIT
SHLUTHAMTHB LU LD TH B, Hiz ()D0EH
Tk, SESERERROMAE DT THREIRNES W
WML, BIEETTO LV S HIBEY — VI EBITIER - F
HAT&3, EEBloF R —5R320L& D BHMIcES X,
WL D OBEEBHE L TEUNCIT > TV b, OmMRE
KOHBMAEREEOREBZETH 5,

g, THO—RHEBREA GG B iz TR
KOBARWENT 5, ~IREKOBAEEET B, HBLAESE
ZIEd 2, BEMANENE T2, BLAB IO v 3%
AL 271 & 0fEld, —ERPTITON 58E OHITERIE
TRIA v rERTBENNS B0, EREBDCSS
TITV, BEHIEY 257 2 TREFNSOBEHBOHFED
AEITHIEDITE > TV B,

3.2.1 ANy TEE

77 Y aflflicBnTid, Efv-vEX vy TH
HCHREPIEIN S, AHIETIEHEUTOX S 88T 2
vosy oy TEIREIGE L T2,

(1) A vy TEBOK

—DOOHHE - BFRBICH LT voyy y FEABK O
(7 7 V4 PENOH) 22 EFINT LD DM EHIEA
DEBRICIE 208, PRI RE S A - OHEMELHNE T
EAREZ D EETFHEOETEE L BIEHE Y 2 7 4Tl
INE TORBIK S BB OERRR ) 5, A voNvy
TR ORE—BHNES 2D 3 & L1,

2) A vy THEEOHMAGOE

—D DRI N — VORBEIIZEE L DA vy o TR
A SDLE THVRIE X D & DD SHES AL 5
B, FEARAMEHEIC S D RSP OET R, Tha i 3



TRENER & A BEEA O BREEFITH > 2 7 &

fedICHIERAI OB L & WO TESD B, HRICK-
TEHIELEBLTCEBVESELE L, BREFE > 2T A
TIRBMZFIROFIE L — v BV, Sl — v ORUEE
PTETHEEHET S &It L,

3 A vy TEHOIK

—BicHV S RTWS % vy TR 3= ATEE,
BRI, HoENRERS 50, AENLELRTVWEE
2 oMb, BERHY X7 2 TIRBEMIECHBZEED
HRGEEERIF B EIC Lk, BEREH VL, Ih
i3, 75 v ORESTREAHENICH 255 1T ZBEOR
BAZEES, (5745285 ] EWVHFT L —5 OBRE
ZEELIZDOTHY, REFICHYMT 5, BRBEHIH > =
FATHWOWE A vy o ORI % Fig. 3 IZ/RT,
3.2, 2 HiEIL—IL

PREEEIE © R 7 & TRV BHIEIY —vid, SEEHEN
FEDA 2 —-BIUTARLV—FEDA VI EL—In
SEONTERRIENEE b L TR L 1, 2h ool
HANRKBIT B ERTFTDO LS 1T B,

() RECHONEBEBAHERT 2DICBZHR CABREE -
HEd 50— VEE

(2) BE GfFHEDER) 2HRBTADIC&HR AR
HEEHMHT 51— VEE

Q) RRELEBOEEHEZWING 5 7o IC KRS U A
AT 5L — VB

) BEIAHBABCIEC THEIFEAE D2 HET 20—
VEE

(5) BEIADHFARIIL L TEWEB T RESE S

4 50— VB
6) e 20O, BERIGLTRVEASE Tt IRESE
4 s — VB

(N THEDSCSSO b DRFEHREMAE DL B~ VE
3.3 YRFLDEE

Fig. 4 HEEY X 7 o ORERERT, BHEOHENEZH
DIELT, &% 7 v 257 LOKEERSET 3,
P, TV NRBESNARE R Y H LD T O ER
EEI—4EL TDCSIKM DA E N B,

DCSTId, A It 2HIEIE 50 L TROFE, /¥

Small Normal Big

—_— -t -
Operation to No Operation to make

make it big Operation it small

Fig. 3 Membership function

NKKE#H No159 (1997. 9)

F R ) ZIVOREERE, &7 v 0B DOPID/ S £ — %
DORERETHOHEE, 75 v b OEEETH, £,
B, GEFAREBEE, 77 4 V5 R ERENFLA
DFMOFMH &TT-> T B,

PERIF OHIEICHER 7ok XEFRF VI banT
DCSH HPLCAZE SN B, PLCTIRYHEDCSSOBEHEM K
f18h, THO—KHBRREAILH LT, ZREXDOR
EHINT %, ~IREIOEEEET S, HLAMEZELT
%, BEHUFAENET TS, CLARTOS v 2L 5
HEDBEEIT>TWVW5B, TOCSSOEEICXT 2 HEM
R & X 7 4 (Automatic Combustion Control
System; PAF, ACCEREESET 2) M7 7 ¥ 4 #EHIT LD
WET B, ¥, PLCIZACCD 7 7 ¥ 4 R ICHEL 7 -
2Hh Sy FT B,

ACCIdFig. 5 IRTLHBEY 2 — VETHERE N,
N F NI EL—F DOV TN TTH B, BEN
WRHFHZ » YR vV v, I V—V =2, o
 ZAEFANB LCHIBESH RO ALNESHEE,
RL— I EREEEATITBI2DD5 2~ 8, AW
HEBHEE» L7 5 v MEBEERET2HDOALT
EVa2— ) (BHERDCSEDBEETw s 5 4), E5%A
HHEBMHRBICE D 1 A ABITERY » 1V, #lifficyy
JEIR UV —IVEET 7 1 b, F L — 7 PEERICE
T ha—HA vy —T72—REY2a—VOHIEHLYET
Hliantwv s,

INoDEVa—NVDSE, RB7»ValiERT Yy,
HifL—-v~N— 2%, FokREFANTBLUHBEESEN

Plant
Incinerator Boiler
Reactor Bag Filter

Process Signal A Control Signal
(Analog) (Analog)

DCS

Process Monitor

Alarm

Low Level Control
Operation Limit Setting

Process Signal l T Control Signal

(Digital) (Digital)

PLC

Combustion Control
System (CSS)

Process Signal T Control Signal

(Digital) (Digital)

PC

Automatic Cmbustion
Controller (ACC)

Operator Interface

Fig. 4 System configuration



NKKE# Nol159 (1997. 9)

ROAHNIESHEE, RV — s WREBEASTE2D
D5 A = FHITHE 7S v MTIREL B —Eo s
BEY2—NTH 5D,

—H, ABHIEY 2 -, AHAEHET 71V,
BRI AN, 2 —HFA VI =T 2—REY 2 — VIR
FIURTEICEN b D LB,

TOEIREY 2 —VHEREL B EICLD, D75

MICEET BT V- VER T 7 1 VOB EE
DEZNIZE D, Ff, AV —T2—RADHRITAR
SREBEDERL>TWVE, 2—%A vy —7 = — MM
o#|%Fig, 6, Fig. TIZRT,

ACCH—EREWTPLCH» 5Table 1 O ASESITRT
TaeXF—yEHABL, F—FOERL Wi
FRTE R TV, SV — AR —2A5BRBLT7 7 Vo HE
HAEITV, Table 1 OHAESICRTHRIEREZRET 5,
ZOFE%Fig. 8 IK/RT. RESNBRPLCICEEA
ENd,

PLCIZACCIC & » TEZX AT N BERADCSIZIX S
EEbiT, CSSOREMEEEET 5,

DCSIEPLCREATACCH LD 57— 2Z 3y, Zh
APIDEHIHOFTEME LT, REERICEBOFHIEGES %

V=

TRENPR & & BEHENIE O BREEGIH > X 7 &

HAL, HEzT .

4. EREEGER

SOIBEF U BRI X 7 203, 019974 7T AR
’IﬁéﬁTLtba&Eﬁﬁ%ﬁ%tyﬁ—®@éE¥
BEEY R I 3RS S N SRENREE ZE B B YIHEANAA D
PRIEEITH > 2 7 50 & LTERBENTWS, BEFOETE
Table 2 IZ/R 7,

Z OBEAMAIC B W TRBERIE ~ 2 7 4 TER L 550
BEBSLUHEA ZPDOCOENOy DEE % Fig. 9I1XR T,
FHTEERCONTELBET 2 L& Tw b, 850CL L
D000 CIEEEICHB SN TEY, 075 v+ ORAE
BlbfRiEETH % S0ppmA T2+ L TWwa, &

72, COEBOATRERFIONREI BANOy IZD2WT B,
¥ 60ppm EIEWETH Y,

DT 5 v+ DRNERIFFI

Jooam 700 wn

oY ﬂﬁ (m g

[ "R

! 19.56 em. BIREES
y wE [-o_oo_t/r. I_ B P 00 wa [ 00 va
Cmew [ e am ] |mee: oo e 0.0 ks
Cmaa s = 0.0 ki/a [ 0.0 kise
R o oe
: ’ _OTjt/d' 760 /4

X

BEEE 240 | h

AyY—

t—s{—

‘fﬂx;z-:mi o

X
| mes | o=
g~F?$EI; i lx4ﬁ

| e
w2 [ ma-omal soekl e | sns
WE | mE | Tk | Wk e

Plam Dependent Part
Plant Operator
1/0 1/0 User Interface Rule
Deﬁnmon Module Module Definition
1 /O Area I | Pa.rameter Area
IInference Engine }I_’( Rule Basik—
Plant Independent Part

Fig. 5 Automatic Combustion Control system

RiR

" waz [Too1 25 em [ 60 v«
R 7 ©5.8 v/ | 0.0 wa

-] 91.2 rsa:] 0.0 v/4
T;m-m 24.0]n

AyY—-x
B —s—

ACC outlook

Fig. 6

Fig. 7 ACC operator interface

Stop Refuse Feeder
Close Damper

s

Input Signals from
Plant via DCS/PLC

Fuzzy inference

Keep Current State
(No Operation)

Output Control Signals to
Plant via PLC/DCS

Fig, 8 Flow chart of fuzzy combustion control



THEIER & ABEENR OBRBERIT >~ 2 7 4

ETH5 Bppml T2 HHHELT WS, o
HAuwiz >0 v —nofRiZ, BEIAOMBESIEC
1030 — 0, TIRZEGESIEIC240 — v, CSSOTEMEI
12—V Th B,

b. Eh VY IC

WENR & A HEHIF O BIE L B2 BRI & U TRABERIfE >
R T LEBHFE Uz, BRI Y X F A1 & B EREI O
RRIBIFTHD, BEOEFHISIKEVEINTLAREK
FOFE Y R 56 E LTHARMEREZ D ODICTET,
A% LS OICIERRALER, BERHE Y 272522058
BB D E LTITSRETH 5,
RBRICERER 7~ s OINEIEL, Z{0EEEZV
feffnic b 3 s HEETEHOBIRESAICE KT 5
LIZWTh 5,

N K KE# No159 (1997. 9)

s EF X ®

1) BEHBAEDS. REKRRET A EAFE O . NKKE&
#. No.133, p.49-58(1990).

2 BHERBES. “7- U EERLBAFT . HEA - &%k
p.1-63(1993).

3) IKAHERS. “BaliD 7 » V4 HEERS . HEHAUE. Vol.29, No.l,
p.11-22(1988).

4) MWEAEEH,. KA SHSHEBREHNFEO 7 » ¥« BRIEHIE".
FioaeEATERMERRSHF A E. 199, (D £2H
RS E, p.239-241.

5 HEAEED. “RBKEN 7> v 07 7 U BEHIH". N
KKE##R. Nold8, p.6-13(1994).

<fwabei>
BB FHHRIERE Wy X7 A F — A
Tel. 044 (322) 6435 M&# =
BRIETS v MEEHE BRE
Tel. 045 (505) 7681 Fkili EE

Table 1 170 signals

Input Signal Output Signal
Air Flowrate (Primary, Secondary) Secondary Air Flowrate
Pressure in Incinerator Refuse Feeder Speed

Temperature (Fluidized Bed, Freeboard, Top of Incinerator)| Refuse Supply

Refuse Feeder Speed Waste Oil Supply (Freeboard, Fluidized Bed)
Refuse Supply Waste Liquid Supply (Freeboard, Fluidized Bed)
Sludge Supply Sludge Supply

Waste Oil Supply (Freeboard, Fluidized Bed) Boiler Water Supply

Waste Liquid Supply (Freeboard, Fluidized Bed) Cooling Water Supply (Freeboard, Fluidized Bed)

Cooilng Water (Freeboard, Fluidized Bed)

Boader Value (To Stop Refuse Feeder , for CSS)

LED Count Control Time (To Stop Refise Feeder, for CSS)
Mean Calolific Value Boader Value (To Control Primary Air , for CSS)
Steam Generation Control Time (Primary Air Air Flowrate, for CSS)
Boiler Water Supply Boader Value (To Control Secondary Air , for CSS)
Boiler Level Control Value (Secondary Air Flowrate, for CSS)

Exhaust Gas Flowrate

Conirol Time (Secondary Air Flowrate, for CSS)

Exhaust Gas Component (Os, CO, NOx, SOx, HCD

Boader Value (To Control Pressure, for CSS)

Boader Value (To Stop Waste Oil, for CSS)
Boader Value (To Stop Waste Liquid, for CSS)

Table 2 Plant specification

Plant capacity 159.6 t/d (4.98x10'" keal/d)
Gas Cooling System| Boiler (18.3 t/h, 23kg/cm? )
Environmental HCl >80ppm (12%0, )
Quality Stanard SOx >175ppm

NOx >95ppm (12%0, )
CO  >50ppm (12%0,)
Dust >30mg/Nm?3
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Fig. 9 Control result with ACC
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Hybrid Combustion Control System for Refuse Incineration Plant
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Satoshi Fujii, Manabu Kuroda,
Yuichi Nogami, Hajime Ase,
Eiichi Shibuya and Takashi Yokoyama

NKK has developed a new automatic combustion con-
trol system that increases the stability of steam flow
from the boiler, while simultaneously reducing CO
and NOx oncentrations in the exhaust gas discharged
from a municipal refuse incinerator with a boiler-
turbine. This control system consists of a simulation
model based controller that stabilizes the steam flow
rate and inner temperature, and a fuzzy based con-
troller, which adjusts the secondary air to reduce CO
and NOx concentrations. This control system has been
installed to an incinerator in service and indicated
good control performances.
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FDF : Combustion air fan  SAH : Steam air heater

CDF : Secondary air fan D1~D4 : Air damper

WS : Water spray IC : Intermediate ceiling

BF :Bag filter T : Temperature measuring
X: Measuring point

Fig, 1 Refuse incineration plant
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Table 1 Control rules

Input signals Output signal
(Antecedents) (Conscquent)
Rule
No. Secondary | Set value of
CO | NOx Oz Temp air secondary air
flow rate flow rate
R High | Small Negative
R- Low | Small Positive
Rs | High Positive
R Low Positive
Rs B High High | Medium Negative
Rs Adequate | High | Medium Positive
R+ Low | Medium Zero
Rs High | Big Positive
FN ) Low | Big Negative
Rio High Negative
R High big Negative

CO :CO concentration in exhaust gas
NOx :NOx concentration in exhaust gas
02 :0: concentration in exhaust gas
Temp. :Temperature in gas mixing chamber
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Fig. 8 Operation results with Hybrid ACC
Table 2 Operation results with Hybrid ACC
Operating conditions Results
Incineration Set value of Steam flow rate concgl(?r):(ition conceggation
capacity Stoker type |steam flow rate Standard | (02 12% 02 12%
Average(t/h)| deviation | conversion) | conversion)
(ton/day) (ton/hour) Jave.(%) Ave. Ave. [Max.
(ppm) _ [(ppm) | {ppm)
100 Hyper grate 14.0 14.0 3.5 58 5.6 15
150 conventional 21.0 20.9 2.9 50 6.7 14
300 conventional 40.0 39.6 3.5 67 6.5 10
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NKK Electric-resistance Furnace for Residues from
Municipal Solid Waste Incineration Plants
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Yoshinari Fujisawa, Keisuke Nakahara,
Tsuyoshi Nakao, Kazuhiro Teratsuji,
Tetsuo Akashi and Hidenobu Hiraoka

Landfill capacity is decreasing seriously and the re-
maining landfill site will be used up in about 8 years
in Japan. Residues from municipal solid waste
(MSW) incineration plants are landfilled and finding
out new landfill sites is difficult. In addition, the
residues contain toxic heavy metals as well as diox-
ins. The residues require treatments for de-toxifing
before being landfilled. Vitrification process can solve
these problems by 1) reducing volume of residues and
utilization of its products from residues which can
solve the landfill problem, 2) de-toxifing residues.
NKK has developed the vitrification technology of an
electric-resistance furnace. This report introduces a
demonstration plant and presents results obtained
from the plant operations for treating residues from
Kyoto City and Tokyo Metropolitan MSW incinera-
tion plants.
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Fig.2 Flow diagram of NKK ash melting process for demonstration
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Table 1 Specification of experimental furnace

Furnace Type NKXK electric resistance furnace
Capacity 24 t /day

Furnace Outer Dimension | 3.9 m (diameter), 1.9 m (height)
Electrode Carbon 0.2 m (diameter)
Transformer Capacity 1100 kVA
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Fig.3 Material balance (CASE 2)

Table 2 Chemical composition of residue from MSW combustion furnace

Element CASE 1 CASE 2 CASE 3
Bottom Ash | Bottom Ash Fly Ash Bottom Ash Fly Ash
Si mass % 25.0 15.0 10.3 17.6 15.0
Al mass % 9.0 9.5 6.3 8.3 7.9
Ca mass % 6.5 13.7 10.2 15.6 14.5
Mg mass% 0.75 1.2 1.4 1.5 1.7
Fe mass % 12.0 10.3 23 5.5 1.4
Na mass % 1.4 2.1 7.7 1.7 3.3
K mass % 0.30 0.85 6.2 0.97 3.8
Cl mass % 0.37 1.6 12.0 1.2 7.4
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AR O BSURTIIKER 7 o £ 2

FoRL & U TR ORI @ WY,

5. 4 REME, BEEHOA IO

HRMAHO A 2, BREEE DA 2 ©53H7H % Table 7
IR, WREMFHIO A 2 IIRIEE TR A 11, COld5ppm
FIER L /2o £7:80x, NOx, HClI BIEEETH D,
ChETOREFOEMICET 5, BEFEHEON O
HCl & H30~60ppm &{EW I LBl T, AEKGHC
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Table 3 Chemical composition of products from electric-resistance furnace
Element Slag Metal Dust
CASE1 | CASE2 | CASE3 | CASE1 | CASE2 | CASE3 | CASE1 | CASE2 | CASE3
Si  mass% | 237 21.3 17.0 3.85 1.72 0.60 0.23 0.57 0.67
Al mass% | 108 10.4 115 <0.01 0.03 <0.01 0.26 0.23 0.16
Ca  mass% | 11.4 10.9 21.0 0.02 <0.01 <0.01 0.37 0.16 0.54
Fe  mass% 1.29 6.47 0.46 84.7 92.2 91.0 0.75 0.69 0.09
Na mass% | 4.50 443 2.10 <0.01 <0.01 <0.01 123 16.1 1.7
K mass% | 0.94 1.18 0.80 <0.01 <0.01 <0.01 9.4 13.0 20.4
P mass% | 0024 0.34 0.41 2.65 2.35 2.30 0.043 0.044 0.44
Cu  mgkg | 120 200 99 58700 | 52100 | 77000 1100 1400 2600
Pb mgkg | <10 72 <10 1000 2750 500 100000 | 64000 [ 41000
Zn  mgkg | 175 1660 370 1300 1760 480 270000 | 214000 | 189000
Cd  mgkg | <05 <05 <0.5 <10 <10 <05 1000 3100 4100
Table 4 Leaching test on molten slag
) Result .
Item | Unit CASE1 | CASE2 | CASES Regulation
Hg | mgn [ <0.0005 | <0.0005 | <0.0005 0.0005
As | mgn [ <0.005 | <0.005 | <0.005 0.01
ODust Se | mgn [ <0.002 | <0.002 [ <0.002 0.01
EMetal Cd [ mgt | <0.001 [ <0.001 | <0.001 0.01
WSlag Pb | mgn | <0.005 [ <0.005 | <0.005 0.01
- —— Crst | mgn [ <0.04 <0.04 <0.04 0.05
0 20 40 60 80 100 pH N 79 8.9 10.0

Distribution Ratio (%)

Fig.4 Distribution ratio of elements (CASE 3)

Table 5 Properties of molten slag

Aggregate Aggregate

Ttem Molten | Standard for Standard
Slag Road-Crushed for

Rock-Classl Concrete
Specific Gravity 2.68 >2.45 >2.5
Moisture Absorption | 0.06 <3.0 <3.0

Rate [%]
Abrasion loss [%] 34.1 <35 <40
Stability {%] <1 <12
Corrected CBR [%] 99

Specified by EPA, Japan
(Environment Protect Agency Notification No.46)

Table 6 Leaching effect on dusts from M.F.

Element | Dust from M.F. Treated Dust

Na 12.9  mass% 0.70 mass%
K 12.7  mass% 0.21 mass%
Pb 6.1  mass% 15.8  mass%
Zn 21.5  mass% 51.4 mass%
Cu 0.20 mass% 0.24 mass%
Sn 0.32 mass% 0.52 mass%
Cl 32.9 mass% 2.6  mass%
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Ash Meltmg f Fumace Outlet . H| A
I F |—>I 0.41 ng/Nm | | Precipitator I <HElwabek> . N
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[ Slag <0.01ng/g | [e. Dust 0.25nglg | Tel. 044 (322) 6252 thHE BEN ‘

BT v MRS BEENFRETE
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Melting Furnace Decomposition Rate (a~f) 99.8%
Melting Process Decomposition Rate (a~e,h) 99.2%

Fig. 5 Behavior of dioxin
(dioxins are shown by I-TEQ)

Table 7 Properties of exhaust gas from electric-resistance furnace

Ttem Unit Furnace Outlet Combustion Chamber Outlet
CASE 1 CASE 2 CASE 3 CASE 1 CASE 2 CASE 3
Flow Rate wet Nm?/h 230 210 140 970 690 300
Temperature T 340 695 420 810 743 640
H, O % 40.7 29.3 26.3 9.4 9.9 12.6
CO, dry % 21.0 31.6 216 4.8 11.5 114
0, dry % 1.1 0.8 <0.1 16.7 10.7 105
CO dry % 43.7 26.2 39.8 <5ppm <5ppm <2ppm
H, dry % 4.9 23.1 27.8 <0.1 <0.1 <0.1
HCI dry ppm 60 60 88 27 48 58
SOx dry ppm 5 <3 <3 7 <3 <3
NOx dry ppm <5 10 9 58 50 80
Dust g/Nm3 57 47 44 19 14 20
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Presorting Technologies for the Waste Recycle System
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Makoto Arimoto, Keishi Akiu,
Toshio Takuwa, Eiji Oshida,
Youichi Yoshinaga and Motoyuki Asano

We have developed a sorting and recovery system for
recyclable waste such as glass bottles, plastic bottles,
steel cans, aluminum cans and other residuum. This
system incorporates a combination of various sys-
tematized sorting equipment, including a bag breaker
& remover, wind-powered sorter, and aluminum, plas-
tic, and bottle-color separators. In this paper we
would report about the presorting equipments for the
newly developed sorting and recovery system, mainly
such as a bag breaker and a high performance wind-
powered sorter.
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Waste __.| Bag breaker l Fresoning System

Bag remover

Qver size residuum <€—| Unsuitable waste
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Steel cans Magnetic separator

Wind-powered sorter Aluminum
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Round object sorter

Glass bottles Plastic film PET

Plastic film
Glass bottle color Plastic separation

sorting system system

Fig. 1 NKK automated waste sorting and recovery system

Photo 2 Opening plastic bags by the bag breaker

Photo 1 Bag breaker
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Table 1 Specification of the bag breaker

Type Twin saucer type
Weight 3700kg
Saucer diameter ¢ 1330mm
Saucer speed Max 30rpm
Power Unit 2.2kW X2
Throughput 45bags/min
(14ton/h)
Glass breaking ratio Under 5%
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Table 2 Specification of the wind-powered Sorter

Type High pressure wind-powered sorter

Throughput | 6ton/h

Utility Compressed air
(3kgf/em”, 3Nm*/min)
Glass bottles: Purity 98%

Performance | Heavy
Medium | Al Cans, PET bottles:
Purity 98%

Light Film, Paper; Purity 100%

Photo 3 Unsuitable waste sorter

Photo 4 Wind-powered sorter
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Fig. 2 Test result of the wind-powered sorter
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Fig. 3 Contents of waste
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1) Akiu, K. et al. “Resource Recovery System for
Recyclable Waste”. 7Tth ISWA International Congress
(1996).

2) BE%ZEL. V4 vy - RESKOMR. SEHTE
REBTRE.

3 ’REBRZEL. EARERIEBEOMRE". E£5EEET
AV VRV Y ATFREE.

<HEWEbEE>
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Tel. 0456 (505) 7406 EFf1 FaH

EBBNBIAE SHRRIETRER By 257 A F -4
Tel. 044 (322) 6286 &EF #®H<Z

Table 3 Purity and recovery of sort

Purity Recovery
Material (%) ratio(%o)
Glass bottles 95% 88%
Steel cans 93% 95%
Al. Cans 99% 86%
PET bottles 83% 99%
Film 100% —
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Presorting Technologies for the NKK’s RDF System
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Takashi Yokoyama, Seiichi Abe,
Yoshinari Fujisawa, Eiji Oshida,
Youichi Yoshinaga and Motoyuki Asano

NKK developed the RDF system in which we applied
a ballistic separator and an air classifier in order to
separate combustibles from household waste. In this
paper, we report the ballistic separator and our pre-
sorting system for RDF.
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Photo 1 Appearance of the ballistic separator
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Fig. 1 Principle of ballistic separator

Table 1 Parameters of the ballistic separator

Categoly Material Parameter
Heavy metal, solid plastic. | Inclined angle
rubber etc. Paddle speed

Light paper, film,

Screened | soil. metal, stone, | Screen size
peaces of china,
peace of glass,

lumber, etc..

—RREEHIR D F & X 5 &R LIER BT
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Table 2 Specification of the ballistic separator

Type Ballistic separator
Capacity 5m’/h
Power unit 1.5kW

Paddie rotation 103rpm ~ 206rpm

Number of paddles Ipcs

Screen size 20mm

Table 3 Experimental condition

Paddle angle 6,9
Paddle speed 103rpm ~ 206rpm
Screen size ¢ 20mm
Samples Paper(L]100mm)

Plastic film
Card board
PS plate
Alminum cans

Bolt Nut
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Fig. 3 The flowchart of RDF system
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Fig. 2 Experimental result
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Fuel) Production System

Takashi Yokoyama, Hatsuo Uehara,
Seiichi Abe, Keiichi Okuyama
and Motoyuki Asano

Recently in Japan, a lot of attention has been paid
for the RDF-system. NKK has developed a process
where Municipal Solid Waste (MSW) is converted
into Refuse Derived Fuel (RDF). This system consists
of the production process of shredding, drying, frac-
tionation and pelletizing, and it has the good frac-
tional performance. Several campaigns of experiment
were conducted through the four seasons at RDF pilot
plant (throughput capacity;20tons,/day) in NKK
Tsurumi Works. We have verified the effectiveness of
this system through not only the RDF production but
also the incineration test.
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Table 1 Composition of raw waste

Item Unit ’96.10 ’97.3
Apparent | ton/m’ 0.12 0.2
specific gravity
Moisture Wet% 37.7 42.1
Ash Wet% 15.5 9.5
Combustible Wet% 46.9 484
Higher heating | keal’kg 2470 2480
value
Lower heating | kcal/kg 2060 2040
value
Paper Dry% 55.8 65.3
Kichen waste Dry% 3.5 1.1
Cloth Dry% 5.8 2.2
Garden waste | Dry% 3.7 5.8
Plastic Dry% 18.7 15.6
Rubber Leather | Dry% 14 0.2
Metal Dry% 4.8 5.1
Stone Dry% 0.6 0.5
Glass Dry% 2.0 14
Others Dry% 3.7 2.9

MSW @@m@
ﬂ@@ﬁ@ﬁ :

Light fraction

Particle

Heavy fraction

Fig.3 Schematic at ballistic separator
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Table 2 Running data

Item Unit 96.10 | ’'97.3
Qumﬁg i:)f used ¢h 34.9 44.0
© ¢/ton-MSW | 264 | 341
Quantity of kg/h 824 667
producing RDF

Quantitg of used kgh 1322 1290
MSW

Quantity of used kW 130.5 | 134.5
power KWiton- | 987 | 98.8
MSwW
Quantity of used kg/h 13.2 12.9
slaked lime

Table 3 Operating experience

Item Unit ’96.10 '97.2~3
Operatinitime
of NKK RDF h 239 119
pilot plant
Quantitg of used ton 305 153
MBSW

NKK ZAEE#E (RDF) {b¥ 25 A

PRUEREVEDSTESF S N ey F 72, XA VP F A VICTRE
125+ v ORDF MR =FE L, w2 v rBEE LT
OERMEEREL L 720

b. #&

FIAABR L@ U, YAHRE L CHERBREML Y X F
LOBRAMMSETFE N, RDF ¥ 27413, TADH—
TN HA T AEHRO—D2E LT, ThE TIceETION
D75 v BERINTBY, 2o, BEHICLE 54
AFVUHARSA vOELESET, B LZ TR
WF =AY « HEA AR EEE 2 h « NRIED BRIk T O
BAPKEFHENTVWE, SRIEZOERVIET 250 &
Bbh, BicBvTd, ThETOREMENDE LELE
BRI AR, RDF FIREEZEEBNICIEEL, Th
D5 OBRBAFMERO fob B L TitE v EE S,

[l

<Hu\wEbeEE>

B 5 v MREHER BARE

Tel. 045 (505) 7531  F#f B&%—
BT L v & — B 27 LAPRE
Tel. 044 (322) 6332 Bl #—

Table 4 Composition of RDF

Item Unit ’96.10 '97.2
Apparent ton/m® 0.5 0.6
specific gravity
Moisture Wet% 9.1 9.8
Higher heating | keal/kg 4360 4120
value
Lower heating | kcal/kg 4010 3800
value
Ash Dry% 15.1 164
Volatile Dry% 72.5 69.8
component
Fixed carbon Dry% 12.4 13.8
c Dry% | 44.0 49.9
H Dry% 6.0 5.7
N Dry% 0.9 1.0
S Dry% 0.2 0.1
Cl Dry% 0.7 0.7
0] Dry% 33.0 26.2

Table 5 Effect of firing RDF

Item Unit Value
NOx ppm 49.5
SOx ppm 0.7
HCl ppm 12.8
(610) ppm <10
Dust mg/Nm? 40
DXN ng-TEQ/Nm? 0.5

* Measured value of the exit from the furnace
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Pneumatic Refuse Transportation System
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Hidetsugu Nogita, Kazuhiko Hirotsu
and Fuyuki Inoue

NKK has many results of pneumatic refuse transpor-
tation system. On those experience, NKK has devel-
oped and improved the system to adapt to the refuse
in Japan. This report introduce NKK’s pneumatic
refuse transportation system by means of the system
at Yebisu Garden Place and state the present situa-
tion of development.
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National Government Policy and Trend of Municipal
Waste to Energy Plant
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Koji Ishizeki, Toru Tsuchida
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Japanese major administrative and financial support
systems for the municipal waste to energy plant are
as follows, i. e. a state subsidy for waste treatment
plant under the jurisdiction of ministry of health and
welfare, a state subsidy for the waste to energy plant
under jurisdiction of ministry of international trade
and industry, and local government bond under the
control of ministry of home affairs. Further more,
the guideline of dioxins prevention measure for mun-
icipal waste treatment plant recomends to apply the
waste to energy plant. It is supposed that many local
governments would be eager about the waste to ene-
rgy plant construction. And NKK’s actions concerning
to high temperature and pressure boiler system, small
size waste to energy plant and RDF firing power plant
are mentioned.
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Impressions of Tokyo Metropolitan Edogawa Incineration Plant Construction
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Shigeo Kitahara

The idea and the action of a site manager strongly
affect the wide-ranging aspects such as cost, quality,
safety and human resource training. This article de-
scribes the concrete actions such as technology im-
provement, negotiation with the civil contractor and
safety action, the fruits, and the impressions based
on the experience of the author had engaged in this
metropolitan plant as a site manager in recent severe
circumstances requests social responsibility.
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Advanced Biological Water Treatment Using Immobilization Technology
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Toshiaki Tsubone, Kei Baba,
Toyoshi Sawada, Hideki Yamada,
Tatsuo Takechi and Hiroshi Atsuura

NKK has developed new type of advanced biological
waste water treatment systems using immobilization
technology. This paper reports how our carrier for
immobilization was developed and summarizes the
characteristics of some newly developed waste water
treatment systems, including nitrogen and phosphorus
removal system, using the carrier technology.
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Table 1 Average composition of influent and effluent

influent effluent
BOD  mg/L 69. 0 2.0
COD_ mg/L 45. 4 7.5
3S ng/L 53.5 1.5
T-N  mg/L 27. 4 7.8
NH4-N_ mg/L 16.9 trace
T-P  mg/L 3.2 1.0
P04-P mg/L 1.7 1.0
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Fig. 5 Relation between T-P removal and T-BOD,”
T-P ratio of influent



W] b A B P B

GERAFI—5)

Fig. 6 i/n Ly 27 A%, EAMIFig. 30 Y X7 A
[EkE, BRI LIREEOITSHE I HELRALIZ DT
H230, SO THM 2 BicosEELTAL, &KER
R DOIFTHE I ZIEERA L T W W EHFig. 8 SR 2,
Ay 27 LU TRER & ORI & L TRER{LE
VI =BV THEERREEEE ORI HE L KR
AEETTH B, KRty ¥ — ORIGHEOME I3
Fig. TIZRENBZ LR VHOWEAFEBHORIEE L L - T
By, BMREBIRGEKED ZEPEOMEICERESN
TW3, EREHFFEAKES11800m®H, #EEKED
10200ms,/H, EXHGREMST200m? A, HEE 5543000
m®/H, #EEES 5.2RMTH D, HAEREKITZI996
FI12H 8HETH 2.5%, ThLEIE3%TH %, Fig. 8
BEERIC BT 2KEORAZE R LIzb DT, HiEN
DHEROMNENZT LT, BELRELLLEOITONL
19964 3 A14H~1997% 3 AR cofiflicB T, AHE
KOT-BOD BLU T-NOEHfEIZZHEN 2.3mg /LB
L U5 Tmg/L &30, HEZ[ETHHT-BOD 10mg, L
X OT-N 10mg LI FEEITHE L fc, SlfEREIE/LEE
EEERORIGHEITEA LB 3IEOREME KW
DI EBOBRANLEEPKETH > o LBET LT

mixed liquer return

influent . screen o---.__
N -

mixer
1]
/ carrier -
i , N
& :

_ | effluent

blower

-

anoxic aerobic
-— e —
zone zones

return sludge

Flow diagram of BOD and nitrogen removal

Fig. 6
system (II)

h=9.6m

8.5m

Fig. 7 Configuration of deep aeration tank system

NKK£## No159 (1997. 9)

5200 ARERICBOWVTREEOEAHKELLTFL TL
BHoicdhhb o, HEARBHICEE L, RIGHENCE
I EE LT,

4. #% E

DIk, GHER AL RO B LEEEB B L T,
EAREE » R ORKE & KRBT KLE Y 2 5 2 ~OBFAF
KOWTHES L, CNODYRF alcHld 2651
HE AP SBREICEE LS N 5 o DB m$i
{LTEBETH B, TNOD YR T & FNBEE MR
DS S IR T O B HERTTREE FKME Y 257 4 & LT
LTHY, kb s, MEGEMOBEHRAEX% LT
bHIRATH B, &5, MEONIEMEEIE L THA
RIER, SEMAIRICHEET 2 LTOEY»ORENT
» 5,

199810 iIc 3RO EXR BT E LT T-NH60mg
/L, T-P # 8mg /L& 5 —HEEH AR HME A A K B H &
N, %% ot LREBHBSLEORBICH 5,
SEHEN LIy 2 7 A BB S5 B OKBEEOKRE - £2
DUTHEBMTENRIEVLTH 3,

Bigic, —HEOUIEHERICBVTEE, BE, BhEw
foll & & LA HIERFORFEABHE L © CITHBER—
%, BERETAMIH, OATKEFED, #HEm 5
AEERRET, N, KENL S Ik a v oS
fric, EFEOHBEEXLET,

& 30
2 m
= L
5p 2
g 10
Pq") 0 1 i 1 1
% 150 influent
g 100
5 sof
ﬁ 0 o-0P o, _Lf_ effl‘:{aent Lo
% 30 influent
g 20 [ 4/
Zz 10| g‘:efﬂuenl
= 0 1 | L 1

T-N removal
%
v
T T

25 |
0 1 1 1 1
R= 8 5N
£D o[ JA
s& 2 s f NH, N
wEES 20
<R3-
Egg O
Z 8% 96.1.1 42 7.3 103 “98.1.3

Fig. 8 Performance of BOD and nitrogen removal
system (II) using deep aeration tanks



N K K#H# Nol159 (1997. 9)

& £ X ®

D BHE oM 77 /09 -%2ERALLREKREY 2 7
L DRFERES (TAER". (199D).

2) JHPERE—. “HEAIEE bR X 2 EKAEE . BEERKEE
2. 1988.195p.

3) Tsubone, T. et al. “Effects of Biomass Entrapment
and Carrier Properties on the Performance of an
Air-Fluidized Bed Biofilm Reactor”, Water Environ.
Vol.64, p.884-889(1992).

4 MAFZEH. FHEREREEEIC L 5 TARME" . 525[H
TKEHFHERSFHHE. p.303-305(1988).

5 R, “GFEREHIEREE/EMEC X 3 TkLE, %
25O FAGERFFIR R XFEIHE. p.315-317(1988).

6) MERBIEL. “BAFrVERVIHEIEIC XL 5 TAKRDRHEL.
HI0E PAREMRREESFHHEE. p.461-463(1993)

D BEAH “NAAFo /oY -EFFERALALTIKLEY 25
L OBFMES (T/KEHR". p.583-502(199D).

8) BAZE. “BHTH FTKEYXFL— N4 X7 s —HRICK
BEEH—". k9 E L. No.70, p.76-84(1992).

9) EFBRANSH, N4 AT —HREFFKABEY 257 40
ER{E- T TOoz AV F-BAR T KE ", BRITFK
8. Vol.16, No.6, p.10-14(1993).

10) Tsubone, T. et al. “Characteristics of an Air-
Fluidized-Bed Biofilm Reactor System With a Multi
Media Filter”. Water Science & Technology. Vol.30,
p.101-110€1994) .

1) EBEEED. “HERABEYLE Y 2 7 4 OLEMEREIC
g 2—-ZF&” ThREWIFRXE. Vol.3l, No.379,
p.49-60(1994).

12) BEBIFEL. REEATAEYMNE Y 2 5 o OFE - FIK
FicoWwT. TAEHEKER]E. Vol.32, No.383, p.50-
63(1994).

13) BB, “HIERARAYNE Y 2 7 L0 EF VI
X Z2RED . BETHMERIE. Vol.32, p.359-370(1995).

14) #HE. “NAAF 2/ 0Y - EFRLHEEKRAEY 25
L OBRBES (FAER". p.572-582(1991).

15) BHRE. “NAxF 2 s 0Y—2FERLHTKAEY 25
L ORRBEE (T/KER". p.572-582(1991).

18) AR EL. “EHERAR LT Lv—va vy v 7 OFHE
ik . BB T KEMERESAHE. p.28-30(1997).

17) B E 2. SR AR A & 2 FRKLEE O
MRt oW T, FIRRELEME 7 + — 5 248
. p.31-33(1990).

18) FIEfEvRERIE D, “HERARIGS —BBRE - TRkt L 3
v e BERBREHRR. ERBO T KEAERRSATHE.
p.564-566(1996) .

19) HgRRE,. HERARRLS - BBRE-FRE 7022
O YBRERFE". BEUEITKEHRRERSOMEE. p.449-
451 (1997).

20) PFTEBEERARIZ . “BERA % OFH L /B R AR — |IR
F-FRET o 20 ) yRERE" . FEME TFKEDPRRE
FRELNTEE. p.452-454(199D).

21) SHFEE . “HERKANBEREEE ot 20REHE &
BOD-SSER & &L UK & OBIfRIc> VT, H33E T RE

B A LA A B

WrEFR DAL, p.636-638(1996).

22) BB E,. HEAEEHEAZH V- BERSE TOTK
SEAEICSWT”, BEMETAGERERELAEE. p.3T-
39(1997).

23) BREEH,. O CODEAY & U TBRKOUEIZ>L
T, ERETAERERERLARE. p.174-176(1995).

24) EBEE—. “MEyEEbic & 2Pk EEAKEE
£ 1988.21p.

25) BERELARMER. “1990FE PKERGRAERAFRRE
=7 1.149-161(1991).

26) BEE NAAFr /oY —FiERLTHKLEY 25
L OFAFHEE (F/KEMR)”. p.384-387(1991).

27 WHiEH#H. “ThkoEELESN". BINKEF. p.20l-
235(1992).

28) WYRREEIEH. “EARMIEEEREOFHBESE~OEM
e . HIEFAEFTRRSAREE. p.515-517(1994).

<fHnEbhee>
JNEHFLE v & — KV 27 LHHRE
Tel. 044 (322) 6266 & &



N K KE# No159 (1997. 9O

S Bk Rk (R 5B H)

Drinking Water Treatment using Micro-Filtration Membrane
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Tatsuo Takechi, Torataro Minegishi,
Shohei Fukada, Masayuki lkeda
and Yoshihide Kageyama

A series of pilot plant study on advanced drinking
water treatment, including unit processes of biologi-
cal filtration, membrane filtration, ozonation, acti-
vated carbon treatment and chlorine dioxide
treatment, was conducted from Septemberl991 to
March 1996, under a cooperation with Waterworks
Bureau of Yokosuka City and NKK. This paper de-
scribes some operational characteristics, pollutant re-
moval performances and cost analysis of micro-
filtration (MF) hollow fiber membrane.

1. #
O CHMERKERICBVT, MR OB BE L L
KB 7 o & REHRFD—o & LT O A BB~ D LR
BT3B, EAEE, BEABEIN L/ NMURARKLE 7
DR RICEAT A D FyaFTEY 27 PELT,
[k B K & 2 7 A BAFEDIZE (MAC215TE : Membra
ne Aqua Century 21)] it & 2 EIFERZ191EED 5
27— hEERD D, 194FEITHICEZ OEIEFRROK
BapkE 2T [/NEEKEICE Y 3R ABMREANT A F
54 v ] RARTAICEY, BE, LBEKEA1000m®
HA#2 25K E VT bELREMAEAbsn>D
BB, Xoiz, EAEEE, TMAC2IEHE] 5l &HWT
194FE LS 3EMo 7 Y27 + & LT TRFAEFS
B e KN BE R (SEEMEEMAC21ETED | Z#l %,
EE O A BUIED A T2 EBRECIRETE L VHE
BERRIEREE L RSB E AR E LItlkEY 27 &
OB L UIEABIC & B HKERBIN OO 72D O
WEAFE 2 EH L 72,
BEETER & MdiE, TMAC21ETHE] kA LT,
RETHEVWLWKEREMCHBT I EEZHMNELT,
MRHRBE AR 7 o 2 2ENAERER | 2RES
¥, 1914 9 Ab 5 RMARBEESAEK T o+ 2] B
45940y NERFFEEERLLY P, TOHRI,
NA Ty NEEBREELT, BEAEBEME L, S

il

238, AV v +TEMERLE, TBRUERLES X SR
A VIAREBTHEUTF 2 — 74 VEAEICRET 5
BB X OB AR L, RAII K EREEK
7o+ RO AR -7 b DTH %o

KT, 19914E 9 A ~19964E 3 A TEs i 74
HREEEAEK 7o 2R ] X0y P EBROI B0, F
ks (MF) Busg@kERERICBET260TH %,

2. ERAIE
2.1 EByo—

EEEE 12, WEETKEREERKSICHREL, K
JIEFIREEKE Uf, B <1 o v b EERERE ONE
KE1330m* /AT, EE7 o —I13Fig. 1icRnLlicdBY
TH b,

air
compressor

L.
>

raw . .
water | biologica

—> filter filtrate

membrane
module

automatic strainer with

opening length of 125 xm wastewater

Fig. 1 Schematic flow diagram of the membrane plant
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Table 1 iz, EERICHVWA-GHEEE Y 2 — L OHEEH
B L ERREERT, HEEERY Yo vEBloh
EAMEEE (AR A 25 5 768D <, AHILEN0.2 4
mTdH 5, WKRARZEDAMH &Rz HEKT A4 FR
Tdy, hERERy— v v JohiclHk o TEY 2 —
MEENT VWD, WEYV2a—id, 1 EYV2—NdbliD 2
m’ QEREAET 2/NIDO b DA 5 KEBINTEY,
RIRMAIZ10m? TH 5, Eh R & U THEREZIE 1150k
PaDEEABHREH VI, ABRENEMEIT 201
—ERLE O SIS IT o 128, T oYEREO
13, FKOFEE U oW L 7 BrhZam il S Az @ -
THIBO0kPaD EMAEKER AL, & SI1zthZE R4~
BERAKAEBAT B &ick » T, RS € LEBRSE
FANHLETEVS D TH B2,

2.3 EEREH

Table 2 i<, 19914EE~19954EE & TOEBREMIcH
o B EEKEMSER L o, ERBEIB4REE ORI
LB EEK (BRA64E) MHRA LIz 12o, BEREI0% D
7uR7u—GFRCEKELLLN, 208BTy Fx v K
FRICEE L CEKEGR 25 Lz, WTFhofificsu
THERAIERNE L,

2. 4 KEIF

IRHERA7K B L UIE 28K 2R & U H BT,
R, pH, EXEEE, B vAvBo) Y AHER
(KMnO . JHER), 7 e=7HEE, Ew, TOC, VY
oAy vEREE (THMFP), #Fe, #Mn, Al, &
AR, —HHE, KBEEE, FlEsET, 1818
LSRAIR I EOHE T EAGRBFEICER L THr %2 E
ML BABKOMETNEAREE, vr—9—v—u
RoBHBERHOTH Yy 7Y v O ES B X 0k
DITEREL L 720 &7z, PEREGHIK PSP o L
THHEBEKESTEIT - 7o

Table 1 Characteristics and operational conditions

of the membrane

membrane
pore size 02 pym
material polypropylene
type hollow fiber
total area 10 m?
operation
inlet pressure 75 kPa
outlet pressure 25 kPa
physical washing by compressed air and feed water

R _EKALBEEAR (52 8H)

2.5 EREHAE

1993 FE & CIIEREHRLERT L5143 7%, FR
DIEER B E R OFIIERRE D50% 12 F TETF LS
ELTHEERL 2, 1994FE D S 3EABHEA0.5m/
m*/HICE - R TR RERAITHI L & L, R
TEITBOT, KEBLF b Y UL 2 witRKIEKIC X 31E
BB L ORIESEE & BREE | wtd /KA T & 3 E5RE
frb L URIEDEE & 20 L

3 EBRER
3.1 Eirik
311 REOEEEL

Fig. 212, 19914F 9 A ~19964F 3 B (7§ &8 b b5 1
39900Hr) i< ¥ 1) 5 BRI D 20°C R S8 il 0 #R 25
1t%ERT, Fig.2 odizit L I ~VIDRunld, Table 2
R U EREHCET 2 D TH B, Fig. 2105 LA
FBRELUTOXSicEEnoh 5,
(1D BRI EY B 2 BNEK A B O 12884, EBHEFH]
DEMAEITS T &L 2m/ m/ AU L O &R T B
HIZE U IBEASTRET S - 12, T OYERBLEER %6045
ELTFy Fz v FARTHEKL ZBED, BUEEOS
TOEUNERIIFEI5% 1T L 1o,
(2) BfsAKEIIkb LS @t — bR bLr—7 (HEZ
125 um) MLBEZKZF W CESERERM T&E L -84,
YERERREE600E LTTy Fx v FARXTI0B M@K
T5E, WREEAREDO0% £ TET L, Wik
B304 & LIcia T b HT5 HIEEK L 721 O s 13 148
MEDE0%E £ TEF L7,
3 Eg#kELTAH— b2 L —7 (BBEX 1254m)
WK Z, YEREERE302E LTy F v FE
NTEE LB E, HEIR0.Tm m? HEETRET 2
EHR»R SN,
(4 FHRA0.5m3/ m? /B & TETF L T3 5 st i
EEIT) LT hil, EREEER R 1FEC2MUTTH 2
T EDBbD -1,

Table 2 Operational conditions of MF membrane

plant
Run :g;ﬂz?;ﬁime :l_ll;a:on feed water for the membrane H::Y{: : zg;ig;:zm
hours
I 0- 870  |cross-flow |effluent from the biological filter 15 no
il 870- 3200 deadend {effluent from the biological filter 15 no
il 3200- 4370 deadend |effluent from the biological filter] 30 no
v 4370-12000 | dead-end (effluent from the biological filter| 60 no
V | 12000-13835 deadend {Sagami River surface water 60 no
Vi 13835-17030 dead-end |effluent from the biological filter| 60 no
VI | 17030-18875 | deadend |effluent from the AS™ 1200 m)| 60 no
VI | 18875-39900 | deadend [effiuent from the AS™ (125, m)| 30 1o

* 1Au!omalic strainer *2nterval of physical washing
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1T- e OEREFEROESRKKRE BEFCTH -
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3. 2 FEMEKRESME
Table 3 iz, 19914 9 B ~19964F 3 Az B if 2 LG

KB L VEABKOKESHERETRT, Fig. 413, &FE
BicHO BB L 3 EREEYEOLEBRER S Bk
BON5 v+ (EHES) LOMBERLELLDTS 5,
Table 3 8L UFig. 4 IR LEFEROEEE, DTo s
BOTH 3,

(1) BESLCHEIZRIZI0ONKRESh, BERDONS
VE NS o, BEOERERE THAESICHELET
X OIFRE S 121F100% B E S v,

(2) WBFenRERIF, BMnB L UAIOBRERICE~NTEH

Run

Flux, m3/m?/day at 25°C

Temperature, 'C

0

0 5000 10000 15000 20000

25000 30000 35000

[91.9.10] [92.4.5] [92.10.30] [93.5.27] [93.12.21] [94.7.18] [95.2.13] [95.9.7]
Accumulated operational time,hours

Fig. 2 Changes in temperature and flux of the membrane
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e
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Accumulated operational time,hours
Chemical cleaning was carried out when flux
decreased to as follows:
O 50% of the initial vatue
A 50% of the initial value

(chemicals for the membrane cleaning were reused)
[ 0.5m3/m2/day

Fig, 3 Change in flux of the membrane just after a

chemical cleaning
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Fig. 4 Relationship between mean value and

deviation of pollutant removal ratio
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{, BFeDBRERD/ NS Y+ 3BMnEB X UTAIDREED
NIy FIDHPNEP T,

(3) BEBRYDIEETH 3KMnO JHEE, Exn®d X UTHM
FPOBRERE, #16%~40% & HEBHEWETSH - 12,

4. BEMEOKE

2oy bEBEERAREI, KRIEROES & ERKE
BELOBA IS W TREN: O BT %17 - 72, ARFTO
19 DRESMHEE LI TICR T,
2 @ ¥ 7K B : 50000m: H

ofE it #S UK A — b XL —FMHEK

oA B F R EEEFY FTVFAR

- YRR - 3047

3B i 5 X EHESEER

JETM A ES: 3~5F

EREGER S L URRRERIC B bk miie HEE
BLUOEREL T LD bDATable 4 Tdh 5, Table 4
KEWT, BREBES IUEERSE R, BREIROHELS%
100& Lz aolkEEE LTRLTH D, EEBOWNR
2, o aoZOHETRLTS B,

TR ESR DB &I IR TFE A DE Wicy, HE
BOERE L UHBEHOREIEVI A Y » P PFT

TR KRB (B 2850

b. #& E

MRAERBESAIGK 7 0 2 2BNARERES] X5
sofmy NHEEZAEE A (G 4000085 b o
THEMSN, HHEMFBFEOERR S X OB % fl
12, EENEIICEET ARE ORRERB I ENTET,
Hriz, 4000085 & K 3EGEAEER ZER THD T
DHOTHY, HEAFABESERIICHA S 5 & DD
FILZ %2187,

B, B2, BEKEE e, BELR-D
ABUEICRBTEEL0LE LTEKLDDH 5N, 5,
THEREOREEREEY (7Y 7 2Ry P9 L5 E)
ERFICBRET S DICHEABEMEEAT L LV 7 —
ZHWINTE360ERoN5, E51T, 19TFEECESE
MEMAC2ITE LW REEEE X T, [RARSEEK
MR- A A4 F 54 ] BLU [EEFH U cikEHEK
MG A2 HA K54 V] PRESNBIRAAETHD,
HBHI AR KR Ic B 1) B AR EOBA D EES

Table 4 Cost analysis under a different flux condition

Low flux High flux
2600, Table 4 iHONB X5, SRFEEERD Flux 0.5m3/m%day| 1.5m>/m2/day |2.0m3/m?/day
BEOHPERILELOBES IR TEEPEE, R ~— Membrane arca 100,000m? 33,000m2 25,000m?
ATHD, BB, EEBEE LI TSI bbb, Water recovery 71.6% 91.5% 93.3%
SRR RETE 5 b0 LT, ARETETL, Foorarea e B
Chemical cleaning cycle 1 ime/year 4 times/year 8 times/year
Lird %{&5@@@*% I£S %@H’ﬁﬁ’i’ﬁﬁ%ﬁ’ 5T &, _I‘%J—(jﬁ Construction cost 100 42 35
FGEIEE Ny 7T v TS LTOEETHHER BN, Membrane life Syeas | Syears] 3years | 3 years
Operation cost 100 39 59 48
{1)Power cost (10.0) 8.3) 8.3) (8.0)
(2)Membrane replacement (89.6) 29.7) | 49.6) (379
(3)Chemical cost (0.4) (1.0) (1.1) 2.1)
Table 3 Qualities of the feed water and filtrate
Feed Filtrate Average
removal
max. min. av. max. min, av. ratio(%)
Turbidity(mg/L) 464.0 0.6 9.0 0.28 0.00 0.00 | 100
Color(mg/L} 65 2 6.1 7 1 3.0 574
SS(mg/L) 37.0 0.5 6.5 14 0.0 0.1 97.1
KMnO, consumption(mg/L) 7.4 1.2 3.7 3.7 0.8 2.3 37.0
NH,-N(mg/L) 0.21 0.00 0.05 0.20 0.00 0.03 53.8
T-Fe (mg/L) 4.280 0.001 0.309] 0.080 0.000 0.010] 94.7
T-Mn (mg/L) 0.090 0.000 0.014] 0.010 0.000 0.002| 784
Al(mg/L) 0.790 0.006 02421  0.441 0.000 0.059| 73.1
Eyg0(-) 0.152 0.061 0.091 0.126 0.049 0.075} 169
General bacteria(CFU/mL) 24000 570 5610 160 0.0 28.5 99.3
Heterotrophic bacteria(CFU/mL) {280000 5200 66793 7300 33 929 979
Total coliform(MPN/100mL) 110000 94 19462 54 0 2.8 100
Feacal coliform(MPN/100mL) 2200 45 502 2.9 0 0.1 100
Spore forming bacteria(CFU/mL) | 180 18 57 0.10 0.00 0.01 100
THMFP(mg/mL) 0.042 0.007 0.019 0.041 0.006 0.017 14.1
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Vibration Characteristics of Mixer for Conventional Digestion Tank
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Jun Endo, Kenji Uemura,
Kenji Aoyagi and Shun-ichi Kamezaki

The recent aim of enhancing high efficiencies in sludge
digestion 1s accelerating the tendency to feed diges-
tion tanks with sludge in higher concentrations than
before. As an alternative to gaseous mixing systems
having low performances in mixing sludge in high
concentrations, NKK developed a mechanical mixer
that makes it possible to mix sludge in high concen-
trations without exerting loads on the top of conven-
tional digestion tanks. This report describes the
results of experiments and numerical calculations on
the vibration characteristics of the mechanical mixer
applicable to 2000m?® capacity conventional digestion
tanks.
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Fig.1 Mixer of conventional digestion tank
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Table 1 Experiment condition
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An Advanced Incineration Plant with Hyper Grate
Municipal Incineration Plant of Ichinomiya City Aichi Pref.
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Refuse Incineration Plant with Advanced Pollution Control Technology and Full Automatic Operation
Tokyo Edogawa Incineration Plant
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Complex Industrial Waste Treatment Facility for TOYOTA Motors Corp.
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Valuable Use of Ash Melting Slags
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Recycle System for the Waste.
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Application of 3D-CAD for Piping Design of Refuse Incineration Plant
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Acquisition of Certificate for Continuous Operating
Refuse Incineration Plant of Japan
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Engineering Office Automation System in Environmental
Plant Planning and Design Dept.

1. # B
%ﬁ@FFT%vb&%%WT 3, THEHTS VMO

AP - BETEBANRE LT, EBNE ORI & EEL
RHPE LIEB Y A7 L2 L 15

Ky Z2FLEDB2HLELT, zvv=7 Y v I EE
OBEBFUE L, BNEE (RFPEMER) O—wEH
LTEREITY. EBERMMEBOKSE (LT, WBSER
LT B) AREL, YAFADONR—RELTHEAL,
LBEML VY=Y v ISEBORK Yy —LE LTERL,
W7 o— IR TEBMIL TV 5, 19944 4 Hic#iH
BEL, DBOF— 7 Z2REEHNSGBTH 5,

o HH e Zk LIRRE £ B80T, ANT %,

2. ¥R XFLDOMEEREBEE

Ky 25 LZIZEWS (:r.// TYVVITI— AF—
vav) ABRALL, B1icky b7 —BRETRT, 7
547V — =R TEHALANE SR L, 4
bry bT—IEEL TV,
2.1 EWSOHH

(1) 0S: UNIX (Sun 0S-4.1.3)

(2) 77y 4 —vav:DTP e+ £HE - CAD
2. 2 EWSOEMFIBH#EE
EHEORMIE, KBOHME - ZHTH, SHROLNHNE
%, BA10000 4 1 THORE, BE 5 FEoTHLM
RETH D, RICRNT ZEMREL, DBEFIH L TAEH
AHHRRET « STHEE « RAUET 35D TH 5,

1 IKEEHE] 3, NERSOBHRE, #MIEESL X
U7y 4 VEET 3,

(2) TWBSPERR] 14, RO - HMEEZELT, £
RFEXEY 2 b EEFEF - 70 BEERT 5,

BT 5 MR BHERE  RBWEN AR

LAN : MpyfhgiEfam
R =4
ISDN : &7 3 Vilifah

K1 xRy bo—THEK

Q) MEmEERE] JEUTEEREL, [WBSKRE]
BEWBSZ= bV v 7 2FR L THEERFET 5,
W [HFREE] 3, NEOHKREEERE 7 » 1 VEH
EAEEL, NECETYM v 2HEFHAT 2,
(@F&I%%E@Jiﬂimﬁi?ﬁ’ﬂ?5ﬁ%%§

AU, [EFHESHER ] IRAEBOESHRNEERRT %,
3. ERIURFAICKDERWNIE

EWSOEFHINL LT, DBONE - otk & F A
MIEIER & &R, B A — Mk 2RARE & OXEEE,
DBNDOKIE « FHORERTEOERE 21T, UTILEE
BEBLEERY
(D) #BFEHEtEE, THBIBEIC TWBSTERK] TEBS
H GHYME - T ERE) 2, BRECEEEER
T35, MEHKE %= [HEKRAEE] THRET %,

(2) HEYHE, HYTIKEBLRE L CIERERZT 5,
HEHE « DI - Bl AE BB L CERL, BT 4 -
TR P HEEE 1T 9,

MEESRE I, [HRAEE] TREORA « AFOIKE
17D [ERER] THERIESEBEER L, &R
AREE & HIZHKT %,

(3) BHE - IEHRGTE R, THRRREHE) © MRt
BEE CRBERSCHITESOFEEEELIT S,

4, EBLZAFLDHMR

S LSRRI L BB O v U =T ) v =
Rt LT, Bifikes! - HrEafpssm L icicdebb o,
NEFICEBIIET AT BT E R, REUTICRT,
() RBILHE -ZRITHE-FARTE, 1 Adbh0EBR
NS LI ENTEE,

(2) Btz L PR bic b EIRT & 7o

(8) HNEEOIEH, HEREORM, B85 —HEE
BE, REERIESREL VERIEE T - 7,

1) BRErEEIERL, B« Bz R P RETE 1,
(5) ISO00IsFRILDEIEY 2 F L LT BT ENTE T,

<HWEbEE>
BIE75 v M&EHR

Tel. 045 (505) 7658 Fit Flk
BE7S v MR BARE

Tel. 045 (505) 7685 Fhil &<

— OR —



NK KE#R No159 (1997. 9)

KP7aRSODY AT A

Oxidation Ditch System with Submerged Propeller
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